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ABSTRACT 


This  second  quarterly  technical  report  on  the  MM&TE  Contract 
DAAK07-76-C-8120  for  Transcalent  (Heat-Pipe  cooled)  Thyristors 
describes  the  device  and  the  pertinent  state-of-the-art  in  the 
midst  of  the  engineering  sample  phase  of  the  program.  Progess 
on  redesigning  the  parts,  sub-assemblies  and  processes  for  pro- 
duction is  described.  Also,  the  problems  encountered  in  trans- 
ferring the  diffusion  of  the  high  current,  high  voltage  silicon 
wafers  from  one  plant  location  to  another  are  described. 

Also  included  are  details  of  the  assembly  sequence,  the  elec- 
trical/environmental tests  to  be  performed  and  the  latest  status 
of  the  test  equipment  that  has  been  built  for  this  program. 

Present  status  includes  the  refinement  of  the  fixtures  and  the 
process  specifications,  the  procurement  of  all  of  the  parts  for 
the  thyristor  units  and  the  completion  of  initial  device  fab- 
rication, as  well  as  the  completion  of  all  but  two  of  the 
various  test  circuits.  Actual  test  results  on  the  first  three 
devices  reveal  conformance  with  most  of  the  electrical,  mechani- 
cal and  thermal  specifications. 

Plans  for  the  next  quarter  include  completion  of  the  wafer  dif- 
fusion transfer,  fabrication  and  evaluation  of  additional  en- 
gineering sample  thyristors,  and  environmental  testing.  Deli- 
very is  now  scheduled  during  the  next  report  period. 
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PURPOSE 


The  purpose  of  this  production  engineering  contract  is  to 
establish  the  technology  and  capability  to  fabricate  heat- 
pipe  cooled  semiconductor  power  devices,  silicon  Transcalent 
Thyristors,  Type  J-15371.  The  subsequent  pilot  production  of 
these  devices  is  a part  of  the  contract.  This  report  covers 
the  efforts  performed  by  the  contractor  in  the  second  three 
months  to  modify  the  device  for  production,  establish  process 
and  fabrication  methods  as  well  as  to  modify  and  construct  the 
various  types  of  test  equipment  required  to  adequately  charac- 
terize the  thyristor.  Plans  for  future  work  are  also  presented, 
corrective  action  is  delineated  for  problems  that  have  been  en- 
countered and  other  information  is  discussed  to  help  assure 
that  the  purpose  of  the  contract  is  accomplished. 

This  contractual  MM&TE  program  will  establish  the  production 
techniques,  establish  quality  control  procedures  and  verify  a 
pilot  production  capability  for  the  J-15371  thyristor,  con- 
forming to  the  drawing  attached  to  AMENDMENT  1 of  SCS-477. 

Electrical,  mechanical,  and  environmental  inspections  are  a 
part  of  the  program  as  well  as  extensive  documentation  require- 
ments, per  DD1423.  No  high  volume  production  facilities  exist 
at  the  present  time  for  this  military  type  of  solid-state 
power  device,  but  production  planning  constitutes  Step  II  of 
the  contract.  Thus,  the  time  required  to  produce  future  large 
quantities  of  the  J-15371  will  be  reduced  for  either  current 
military  requirements  or  future  emergency  requirements.  Re- 
duction of  the  reproductive  costs  are  an  important  objective. 

The  J-15371  thyristor  is  a 400  amperes  RMS,  forced  air  cooled 
solid-state  power  control  device,  utilizing  integral  heat-pipes 
for  improved  cooling  efficiency,  lighter  weight  and  smaller 
size  than  the  conventional  devices  with  their  external  heat- 
sinks attached.  Improved  reliability  results  from  these  inno- 
vations. A blocking  voltage  capability  of  800  volts  minimum 
at  125°  Celsius  is  a requirement.  Original  R&D  efforts  were 
conducted  successfully  by  RCA  under  Contract  No.  DAAK02-69-C- 
0609,  for  MERADCOM,  Ft.  Belvoir,  VA.  Potential  applications 
include  power  conditioning,  power  switching,  phase  control 
and  motor  speed  control  equipments. 

( ' 
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GLOSSARY 


All  abbreviations,  sinnbols  and  terms  used  in  this  report  are 
consistent  with  the  Electronics  Command  Technical  Requirements 
SCS-477,  dated  5 December  1974.  This  Technical  Requirements 
document,  in  turn,  references  MIL-S-19500  for  the  abbrevia- 
tions and  symbols  used  therein  except,  as  follows: 

Vqp  = Reverse  Gate  Voltage 

Igr  = Reverse  Gate  Current 

Note:  The  format  used  for  this  report  is  that  specified  in 

the  DD  1423,  namely,  ECIPPR  No.  15,  Appendix  C,  augmented  by 
MIL-STD-847A.  Sub-section  numbering  is  based  on  Appendix  C 
and  the  applicable  test  methods  are  those  referenced  in  MIL- 
STD-750B. 


NARRATIVE  AND  DATA 
1 . Device 


a.  Description  of  the  Structure  - Refer  to  pjaqes  9-13  of  the 
First  Quarterly  Report  for  a description  of  the  Transcalent 
Thyristor  device,  the  applicable  reports,  patent  coverage 
as  well  as  the  advantages  of  this  heat-pipe  cooled  techni- 
cal approach. 

b , c . Defining  the  Problem  Areas  and  Work  Performed  to  Resolve 
the  Problem 

(1)  Conversion  of  Design  for  Production  - The  Transcalent 
thyristor  design  achieved  under  R&D  Contract  No. 
DAAK02-69-C-0609  was  described  in  the  FTR,  October, 
1972.  Subsequent  refinements  have  been  incorporated 
under  contract  N62269-73-C-0635  and  by  RCA-funded 
engineering  projects.  Additional  engineering  is 
being  applied  under  the  MM&TE  program  to  convert  the 
design  to  one  even  more  suitable  for  production,  as 
described  in  the  First  Quarterly  Report  covering  the 
period  27  September  1976  to  31  December  1976  and 
below  for  the  most  recent  quarterly  period 

(a)  Refined  Gate  Lead  Feed-Through_ 


Recent  design  refinements  involved  relocating 
the  gate  lead,  necessitating  interchanging  the 
anode  and  cathode  ends  of  the  J-15371.  (Refer 
to  Figure  1 of  this  report.)  These  variants; 
along  with  the  continued  use  of  the  two-inches 
diameter  Wolverine  type  tubing  having  integral, 
extruded  cooling  fins;  are  incorporated  into 
the  refined  design  of  the  J-15371  for  the  MM&TE 
production  design. 

The  gate  lead  feed-through  has  been  farther  im- 
proved by  eliminating  the  0.047  inch  diameter 
hole  drilled  into  one  end  of  the  Kovar  pin. 

The  internal  nickel  gate  lead  is  then  spot 
welded  to  the  Kovar  pin  by  forming  a right 
angle  lap  joint.  Eliminating  the  hole  in  this 
pin  reduces  the  chances  that  residues  from  the 
cleaning  reagents  may  be  trapped  and  accidentally 
enclosed  in  the  package.  Elimination  of  this 
hole  also  reduces  the  cost  of  the  part.  The  cost 
of  assembling  is  also  reduced  since  the  operator 
needs  no  longer  take  time  to  wrap  the  wire  around 
the  pin  to  hold  it  temporarily  in  place  during 
the  braze  operation. 
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• TEMPERATURE  MEASUREMENT  POINT 
NOTE  - THREADS  - 0.550"  MIN. 


GATE  I£AT  LENGTH  = 6"  MIN.  E 


Figure  1 . 


Transcalent  Thyristor  Type  J-15371  Cross-Section  Drawing 


(b)  Improved_dv/dt_Capdyilit^ 


Another  chan-je  described  in  Lhe  last  Quarterly 
Report  was  to  increase  the  number  of  shorting 
dots  employed  in  the  cathode  pattern.  The  rea- 
son for  this  pattern  change  was  that  an  induced 
current  flows  in  the  gate  layer  when  there  is  a 
rapid  rate  of  change  of  blocking  voltage  (dv/dt) . 
The  p-base  gate  layer  has  a relatively  high  re- 
sistance because  it  is  lightly  doped,  thus  when 
the  voltage  gradient  reaches  the  range  of  0.25 
to  0.6  volt,  especially  at  high  junction  tempera- 
tures, the  thyristor  may  be  unintentionally 
gated  into  conduction.  The  smaller  the  gate 
layer  resistance,  the  greater  is  the  rate  of 
change  which  the  thyristor  c;an  experience  with- 
out being  unintentionally  gated  into  conduction. 

In  the  R&D  contract  there  was  only  one  0.030 
inch  diameter  shorting  dot  in  the  center  of  the 
cathode  contact  area.  This  dot  was  0.385  inch 
from  the  periphery  of  the  gate  to  emitter  junc- 
tion. The  dv/dt  capabilities  of  these  older 
devices  were  thus  somewhat  limited.  An  external 
Gate-to-Cathode  resistor  was  attached  frequently 
at  test  to  improve  this  characteristic.  This 
gate  layer  resistance  can  be  decreased  in- 
ternally by  evenly  distributing  a large  number 
of  shorting  dots  during  the  diffusion  of  the 
cathode  area. 

A set  of  photo-masks  of  this  improved  configura- 
tion was  procured  and  used  for  the  initial  en- 
gineering sample  wafers.  The  first  group  of 
such  wafers  processed  were  used  in  the  devices 
tested  in  the  second  quarter.  The  results  are 
reported  in  section  5 of  this  report.  .A  further 
improvement  appears  to  be  desirable  for  use  on 
the  Confirmatory  samples  to  be  produced  later  in 
this  contract.  Using  the  highest  practical  dv/dt 
capability  will  increase  the  yields  of  the  sub- 
sequent devices. 

In  an  interim  change,  the  mask  for  diffusing  the 
emitter  contact  area  was  increased  by  0.010  inch 
in  diameter  to  completely  enclose  all  of  the 
shorting  dots.  The  first  wafers  processed  em- 
ployed a mask  in  which  the  metallic  contact  to 
the  emitter  bisected  the  outermost  ring  of  short- 
ing dots.  Subsequent  lots  of  silicon  wafers  will 
use  the  interim  masks. 
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After  consultation  with  RCA  Solid  State  Power 
Device  engineers  at  Somerville,  NJ , the  shorting 
dot  pattern  will  be  changed  a third  time  to  in- 
crease the  diameter  of  the  dots  from  the  present 
0.004  inch  to  0.010  inch.  The  same  spacings  and 
loci  will  be  used.  The  reason  for  this  latest 
change  is  that  the  lateral  diffusion  of  the  ad- 
jacent phosphorus  dopant  effectively  decreased  the 
dot  diameter  to  0.002  inch  or  less.  It  is  sus- 
pected also  that  many  of  the  shorting  dots  were 
electrically  insulated  on  some  wafers  by  more 
rapid  surface  diffusion  of  the  silicon.  The 
larger  dot  size  will  allow  for  some  of  this 
lateral  diffusion  to  occur  without  blocking  out 
sections  of  the  pattern. 

The  open  or  insulated  shorting  dots  were  detected 
through  curve  tracer  probing  the  wafers.  A de- 
graded diode  characteristic  was  sometimes  noted 
between  contacts  made  to  a dot  and  to  the  gate 
ring.  Normally  there  should  be  a resistive 
rather  than  a pN  junction  characteristic  between 
these  two  contacts.  Also  the  gate  currents  of 
some  of  the  wafers  were  less  than  the  design 
value.  Open  or  reduced  area  shorting  dots  would 
account  for  these  discrepancies. 

Dv/dt  tests  of  some  of  the  initial  devices  veri- 
fied this  conclusion  that  larger  dots  were 
needed.  Improvement  of  the  dv/dt  value  occurred 
at  test  when  an  external  resistor  was  attached 
from  gate  to  cathode,  thus  indicating  the  internal 
shorting  dot  pattern  was  not  fully  effective. 

However,  for  future  wafers,  the  cathode  area  on 
the  masks  must  not  be  reduced  excessively  by  the 
larger  shorting  dots.  Calculations  show  that 
95  percent  of  the  cathode  area  will  be  retained 
and  this  is  adequate  for  the  maximum  rated  on- 
state  current  of  the  J-15371. 

(c)  Dif fused_Silicon_Wafers 

Difficulties  have  been  encountered  in  trans- 
ferring the  diffusion  technology  from  the  Somer- 
ville to  the  Lancaster  locations.  Devices  built 
with  the  initial  Lancaster  diffused  wafers  have 
exhibited  satisfactory  leakage  currents  at  room 
temperature  but  excessive  leakage  currents  at 
high  temperatures.  Some  lots  were  difficult  or 
impossible  to  turn-on  with  practical  gate  current 
values . 
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The  former  difficulty  is  especially  troublesome 
because  even  though  the  devices  meet  most  of  the 
electrical  characteristics  at  test,  one  of  the 
minimum  acceptance  requirements  specified  in 
Section  F.47  of  the  contract  is  the  high  tempera- 
ture, forward  blocking  current  of  Table  1,  Group 
A,  Subgroup  3.  Engineering  sample  devices  that 
meet  all  other  acceptance  criteria  thus  cannot  be 
shipped.  The  contracting  officer  has  been  noti- 
fied of  this  shipping  delay. 

This  problem  has  been  solved  on  subsequent  lots 
of  wafers  by  refining  the  slew  cooling  processes, 
by  adding  a soak  at  temperature  during  densifica- 
tion  of  the  polysilicon,  and  by  reducing  the 
strains  induced  by  excessive  sticking  of  the 
wafers  in  the  deposition  furnace  boat. 

These  three  changes  from  the  first  group  of 
wafers  to  be  processed  reduced  the  leakage  cur- 
rents at  800  volts  and  125oc  to  about  15  milli- 
amperes.  This  is  an  improvement  by  a factor  of 
3 to  4 from  the  first  wafers  to  be  processed  in 
Lancaster.  Unfortunately,  blocking  voltages 
have  deteriorated  on  some  lots  having  the  de- 
sired low  leakage  currents.  This  latest  problem 
of  blocking  voltages  has  been  traced  to  an  ap- 
parent phosphorus  cross-contamination  of  the 
boron  deposition  and  diffusion  furnaces.  This 
problem  is  well  along  to  being  solved.  It  is 
typical  of  the  problems  encountered  in  trans- 
ferring a complicated  process  with  numerous 
critical  processing  steps  from  one  engineering 
activity  to  another  with  different  personnel 
and  different  facilities.  It  has  been  found 
necessary  to  introduce  new  control  points  to 
confirm  the  quality  of  the  wafers  at  each  step 
in  the  diffusion  procedure. 

The  difficulties  of  not  being  able  to  turn-on 
the  gates  from  the  chips  of  two  groups  of  wafers 
was  traced  to  etching  the  moat  too  deeply 
around  the  periphery  of  the  emitter.  This  etch 
is  now  specified  as  one-half  to  two-thirds  of 
the  emitter  diffusion  depth  as  dctei'mined  by 
Zeiss  microscopic  measurements  recorded  before 
proceeding  with  the  etch.  Measurements  are  also 
made  at  increments  of  time  during  the  etch  to 
control  the  depth  accurately.  VVafers  processed 
in  this  manner  have  the  correct  gate  current 
values . 
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One  lot  of  wafers  having  all  of  these  problems 
corrected  has  just  been  lost  because  of  a one- 
half  hour  power  failure  that  occurred  during  the 
Chemical  Vapor  Deposition  metallizing  operation. 
Attempts  at  salvage  have  been  unsuccessful. 

To  avoid  any  further  delays  in  the  delivery  of 
the  engineering  sample  devices,  it  has  been  de- 
cided to  metallize  and  assemble  devices  using  the 
few  remaining  Somerville-diffused  wafers.  These 
are  being  followed-up  by  additional  lots  of 
Lancaster-diffused  wafers  that  utilize  all  of  the 
process  improvements  determined  above. 

d.  Conclusions 

The  device  component  refinements  described  above^ along  with 
the  design  refinements  incorporated  or  planned, are  expected 
to  produce  a J-15371  device  to  meet  the  specifications  and 
inspections  of  SCS-477.  Although  more  wafer  diffusion  tran- 
sition difficulties  have  been  encountered  than  anticipated, 
RCA  management  and  technical  personnel  are  confident  that 
this  accelerated  effort  being  applied  will  assure  that 
future  Lancaster-diffused  wafers  will  conform  to  the  MM&TE 
specifications.  Much  of  the  time  delay  incurred  on  the  en- 
gineering samples  is  expected  to  be  recovered  in  the  confir- 
matory sample  phase  of  the  contract. 

e.  Drawings 

Drawings  of  the  piece  parts  and  sub-assemblies  of  the  device 
were  included  in  the  First  Quarterly  Report.  The  drawing  of 
the  complete  device  is  shown  in  Figure  1 and  any  major  re- 
visions of  the  parts  drawings  are  included  in  Appendix  A of 
this  Second  Quarterly  Report. 
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Figure  4,  Engineering  Drawing  No.  3023577  in  the 
First  Quarterly  Report  showed  the  flow  of  parts 
through  the  various  assembly  steps  and  a descriptive 
title  was  listed  for  each  operation.  Also  shown 
were  the  subassembly  drawings  and  the  fixture 
drawing  numbers  for  each  operation. 


Flow  process  cards  are  also  being  used  to  record 
and  control  the  flow  of  parts  through  the  labora- 
tory. Examples  of  these  cards  were  shown  in  Figures 
5 and  6 of  the  First  Quarterly  Report.  The  form 
TL  4825  cards  in  Figure  5 are  being  used  to  record 
the  metallizing  and  electrical  test  data  of  each  lot 
of  wafers  (chips).  The  cards  in  Figure  6,  Foirm 
TL  4827,  are  being  used  to  record  the  data  in  fab- 
ricating the  heat-pxpes,  ceramics  and  their  assemb- 
lies into  the  finished  devices  ready  for  exhaust 
processing . 


(2)  Electrical  and  Environmental  Test  Equipment 

The  flow  chart  of  the  electrical  and  environmental 
testing  sequence  was  given  in  Figure  7,  Urav/ing 
No.  3025578,  of  the  First  Report.  The  name  of  the 
test  was  given  as  well  as  the  special  conditions 
and  the  MIL-STD-750B  method  number.  Also,  listed 
were  the  sampling  percentages  for  the  pilot  run. 
Long  time  tests  had  the  time  interval  indicated  in 
the  figure.  This  chart  remains  valid  for  the  pro- 
gram . 

Test  Data  Record  Forms  with  actual  results  recorded 
are  included  in  Table  3a,  b,  c and  d.  These  forms 
will  be  used  to  record  the  actual  test  results  on 
all  of  the  future  units  after  exhaust  processing  is 
completed . 
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b , c . Problem  Areag  and  Work  to  Resolve  Problems 

(1)  Device  Processing  and  Tooling 

Fabrication  processes  that  are  known  to  limit  RCA ' s 
production  capabilities  for  Transcalent  thyristors 
are  being  improved  by  increasing  the  number  of  units 
per  operation  and  by  reducing  the  labor  content  with 
fixtures  and  simplified  operations. 

(a)  Con tour ing_and_Etching_of  the  Chip 

The  diffused  and  metallized  wafers  have  pre- 
viously been  cut  to  size  (one  chip  per  wafer) 
with  a precision  sand  blaster  and  contoured 
while  cemented  on  a mandrel,  Dwg . No.  3025564.# 
After  contouring,  the  chip  was  usually  removed 
from  the  mandrel  and  solder  dipped,  the  metal 
surfaces  were  painted  with  wax,  the  contoured 
edges  were  etched  and  the  wafer  was  tested  for 
both  forward  and  reverse  blocking  voltages  and 
leakage  currents. 

This  contouring  and  etching  of  the  silicon  chip 
was  a labor  intense  operation  because  twc  opera- 
tions must  be  done  under  a microscope  employing 
the  skills  of  the  unaided  operator's  hand. 

To  reduce  the  amount  of  labor  involved  in  this 
operation,  it  has  been  proposed  that  the  etching 
and  testing  be  done  while  the  chip  is  still  on 
the  mandrel.  To  protect  the  metallizing,  a 
protective  coating  would  be  spun  onto  the  wafer 
in  the  same  way  as  photoresist  is  applied  and 
then  the  contour  cut  would  be  made  through  the 
coating  onto  the  silico.n.  To  protect  the  man- 
drels from  the  acids,  it  was  proposed  that  they 
be  made  of  a notably  corrosion  resistant  alloy. 
The  various  alloys  evaluated  were  listed  in  the 
last  report. 

Tests  have  now  been  conducted  contouri.ng  the 
wafers  on  a type  310  stainless  steel  mandrel 
with  a thin  film  of  parafin  wax  on  the  metal- 
lized collector  surface.  Gycol  wax  was  used 
to  bind  the  wafer  to  the  mandrel.  During  the 
FAN  etch  process,  it  was  discovered  that  the 
gycol  wax  softened  and  migrated  onto  the  con- 
toured edge,  retarding  the  etching.  Gycol  wax 

♦Tool fixture  and  mask  drawings  were  included  in  Appendix  B of 
the  First  Quarterly  Report. 
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was  used  for  binding  because  its  strength  and 
hardness  permit  a sharp  edge  to  be  maintained 
on  the  silicon  chip  during  coating.  Parafin 
wax  is  too  soft  and  melts  from  the  heat  generated 
during  the  contouring  operation. 

Therefore,  a new  approach  to  masking  was  tried  by 
forming  Viton  rubber  pads  on  PVC  paddles.  A 
photograph  of  the  assembled  m.ask  is  shown  in 
Figure  2.  The  etching  is  done  by  clamping  the 
wafer  between  the  paddles  and  then  submerging  it 
in  the  acids.  Successful  etching  has  been  per- 
formed using  this  masking  fixture  but  it  is  too 
difficult  to  load  and  unload  the  fixture  making 
it  cumbersome  for  production.  Additional  refine- 
ments will  be  considered. 

(b)  Soldering  of_Chi£  to_Heat-Pi£es 

The  method  of  solder  dipping  the  chip  and  solder- 
ing it  to  the  heat-pipes  was  discussed  previously. 
This  R&D  process  required  a great  deal  of  skill 
in  that  the  alignment  of  the  three  parts  was  made 
by  eye.  To  de-.skill  this  assembly  operation,  it 
was  proposed  that  a two-part  demountable  fixture 
be  designed  for  fixturing  the  parts  and  that 
solder  preforms  be  tried  instead  of  solder  dip- 
ping. The  fixture  was  of  a split  design  so  that 
it  can  be  easily  removed  from  the  assembly.  The 
fixture  has  three  concentric  surfaces  for  posi- 
tioning the  three  parts.  The  two  smallest  con- 
centric surfaces  fixture  the  heat-pipes.  The 
center  cylindrical  surface  was  made  slightly 
larger  than  the  largest  chip.  V7ith  these  dimen- 
sions, the  small  space  between  the  fixture  and 
the  edge  of  the  wafer  can  be  used  to  gauge  the 
alignment  of  the  chip  and  the  surface  of  the  fix- 
ture does  not  come  in  contact  with  the  fragile 
contoured  edge  of  the  chip. 

In  Figure  3 is  a photograph  of  the  soldering  fix- 
ture. A cross-section  of  the  fixture  with  a de- 
vice positioned  in  it  is  shown  in  Drawing  #3025289 
The  base  of  the  fixture  generates  a cylindrical 
reference  surface  for  a split  ring  which  posi- 
tions the  silicon  chip  and  the  cathode  heat-pipe. 

A weight  is  applied  to  the  cathode  heat-pipe.  A 
lead-tin  solder  alloy  is  used  to  join  the  silicon 
to  the  heat-pipes.  The  soldering  is  done  in  an 
RCA  proprietary  furnace  atmosphere  which  ensures 
uniform  wetting  by  the  solder  and  virtual  freedom 
from  voids  at  the  faying  surfaces. 


Fiqure  2.  Experimental  Viton  Rubber  Pad  Etching  Fixture: 
The  contoured  silicon  chip  (shown  on  table  top) 
is  clamped  between  the  discs.  A rubber  seal 
around  the  edge  of  each  disc  protects  the  metal- 
lizing on  the  silicon  wafer  from  the  etching 
acids . 
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Figure  3.  Soldering  Fixture:  The  fixture  shown  positions 

the  cathode  heat-pipe  with  respect  to  the  anode 
heat-pipe.  The  flanges  on  both  heat-pipes  are 
used  as  a reference.  The  inside  diameter  of 
the  split  ring  which  locates  the  two  heat-pipes 
is  machined  slightly  larger  than  the  diameter  of 
the  silicon  wafer.  The  spring  wrapped  around 
the  split  ring  holds  the  fixture  in  place  during 
soldering . 


The  soldering  fixture  (Drawing  No.  3025289)  has 
been  built  and  used  to  make  successful  assemblies. 

A photograph  of  a device  ready  to  be  soldered  is  also 
shown  in  Figure  3.  The  fixture  has  also  been 
used  to  make  successful  assemblies  using  both 
the  new  solder  preforms  and  the  older  style 
solder  dipped  chips.  After  soldering  the  con- 
toured edge  of  the  silicon  chip  is  coated  with 
a silicone  passivation  coating  and  this  coating 
is  cured  using  the  manufacturer's  recommended 
schedule . 

(c)  Brazing  Fixtures 

Brazing  fixtures  were  designed  to  fabricate  lots 
of  16  sub-assemblies. 

Photographs  of  these  multiple  position  brazing 
fixtures  were  shown  in  the  First  Quarterly  Report. 

The  cathode  body  brazing  fixture  (Drawing  No. 
3025290R1)  has  had  two  major  changes  to  improve 
the  yield  of  good,  vacuum  tight  assemblies.  It 
was  found  necessary  that  a weight  be  applied  to 
the  cathode  flange,  Drawing  No.  3025225R2,  and 
a new  weight  was  designed.  Drawing  No.  3025585, 
to  hold  the  heat-pipe  in  the  fixture.  The  weight 
on  top  of  the  flange  is  split  so  that  it  can  be 
removed  after  brazing.  This  extra  weight  for 
the  fixture  was  necessary  because  the  flange  was 
not  flat  enough  to  prevent  vacuum  leaks  from  oc- 
curring between  the  flange  and  the  ceramic  insu- 
lator . 

The  weight  on  top  of  the  heat-pipe  was  changed 
because  it  was  found  that  the  wicking  mandrels 
could  not  be  left  in  the  heat-pipes  as  weights. 

A photograph  of  the  parts  of  this  modified  fix- 
ture are  shown  in  Figure  4 , 

The  flange  is  brazed  to  the  anode  heat-pipe 
using  fixture  Drawing  No.  3025232.  This  fixture 
maintains  the  correct  distance  from  the  end  of 
the  heat-pipe  to  the  flange  when  the  braze  soli- 
difies. The  exhaust  tube  for  the  center  chamber 
is  brazed  into  the  flange  at  the  saime  time  the 
flange  is  brazed  to  the  heat-pipe.  The  braze 
material  used  is  the  silver-copper  eutectic. 

The  weights  of  Drawing  No.  3025231  or  No.  302590R1 
are  used  to  hold  the  heat-pipe  in  the  fixture. 
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Figure  4 
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Revised  Cathode  Heat-Pipe  Brazing  Fixture:  ^The 
cathode  heat-pipe  brazing  fixture  was  modified 
to  add  a weight  to  the  flange  soldered  on  top 
of  the  ceramic.  Since  the  flange  diameter  is 
less  than  the  fin  diameter  of  the  heat-pipe, 
the  weight  is  split  into  two  halves  so  that  it 
can  be  removed  after  brazing.  A new  weight  was 
also  designed  for  weighting  the  heat-pipe-  into 
the  fixture. 
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No  difficulties  have  been  encountered  in  making 
these  vacuum  joints.  A photograph  of  four  of 
the  sub-assemblies  in  the  fixture  is  shown  in 
Figure  5. 

The  heat-pipe  exhaust  tube  is  brazed  into  the 
heat-pipe  with  the  silver-copper  eutectic  braz- 
ing material  using  fixture  Drawing  No.  3025558. 
This  tube  is  self-f ixturing  in  the  hole  at  bottom 
of  the  end  cap.  Drawing  No.  3025212.  A photo- 
graph of  a number  of  these  sub-assemblies  is 
shown  in  Fi gure  6 . 

The  end  cap  sub-assemblies  are  brazed  into  both 
the  anode  and  cathode  heat-pipe  sub-assemblies 
using  fixture  Drawing  No.  3025232  with  the 
weight, Drawing  No.  3025231,  located  on  top  of 
the  end  cap.  The  braze  material  is  Incusil  which 
melts  at  a lower  temperature  than  all  of  the  pre- 
vious brazes  in  the  sub-assemblies.  See  Figure  7. 

After  the  final  braze,  the  sub-assemblies  are 
helium  leak  checked  and  the  heat-pipes  backr 
filled  with  nitrogen  to  maintain  cleanliness 
and  prevent  oxidation.  The  pinch-off  is  made 
long  so  that  it  can  be  reopened  later. 

The  molybdenum  discs  brazed  into  the  ends  of 
the  heat-pipes  are  lapped  flat  so  that  all  of 
their  surface  area  will  be  in  contact  with  the 
silicon  chip.  After  lapping,  the  sub-assemblies 
are  hydroblasted , cleaned,  nickel  plated  and 
the  plating  fired  at  550°C  to  ensure  its  ad- 
herence. This  plating  must  be  free  of  blisters 
during  soldering.  Blisters  would  increase  the 
thermal  impedance  of  the  device  and  increase 
the  on-state  voltage  drop. 

(d)  Heli-Arc  Welding 

New  heat  sink  fixtures  were  designed  and  built 
for  more  rapid  clamping  onto  the  devices  for 
heil-arc  welding  the  Kovar  and  steel  parts. 

This  fixture  is  shown  in  Drawing  No.  3025566 
along  with  a device  mounted  in  the  welding 
fixture.  A photograph  of  the  set-up  is  shown 
in  Figure  8. 

A Heli-arc  torch  with  a non-consumable  electrode 
is  used  to  fuse  the  weld  ring  to  the  device. 

The  torch  provides  an  inert  Argon  atmosphere 
around  the  area  of  the  weld. 
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Figure  5.  Anode  Heat-Pipe  to  Weld  Flange  Brazing  Fixture: 
Four  subassemblies  are  shown  in  the  brazing 
fixture.  The  distance  between  the  flange  and 
the  end  of  the  heat  pipe  is  fixed.  The  parts 
which  are  brazed  together,  namely,  the  heat- 
pipe,  flange,  braze  ring  and  exhaust  tubula- 
tion  are  shown  to  the  left  of  the  fixture. 


27 


w 


Figure  6,  Exhaust  Tube  Brazing  Fixture:  The  copper  ex- 

haust tubes  are  self-f ixtur ing  in  the  holes 
of  the  end  caps  as  shov/n.  The  Fiberfrax 
sheet  permits  a short  length  of  the  exhaust 
tube  to  extend  t-hrough  the  end  cap  for  added 
support . 
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I Figure  8. 
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Heliarc  Welding  Fixture:  A device  clamped 

into  its  welding  fixture  heat  sink  is  shown. 
During  welding,  an  arc  extends  from  the  torch 
on  the  left  to  the  flange.  The  second  weld 
is  made  by  turning  the  device  over  and  in- 
serting it  iiito  the  bottom  of  the  heat  sink 
fixture . 
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To  ma  .e  the  flange  weld,  thi.  device  is  turned 
over  in  the  welding  fixture.  It  is  important 
that  the  heat-pipes  be  electrically  shorted  to 
one  another  during  welding  to  prevent  degrada- 
tion of  the  silicon  junctions  by  the  high  voltages 
used  in  starting  the  arc. 

The  welds  obtained  with  the  heliarc  welding  are 
strong,  equal  to  the  thickness  of  the  material 
being  joined.  A strong  weld  is  desirable  to 
transmit  any  external  stresses  applied  to  one 
heat-pipe  to  the  other  heat-pipe  through  the 
weld  ring  rather  than  through  the  more  fragile 
silicon  chip. 

(e)  Exhaust  Processing 

The  center  chamber  of  the  Transcalent  package  is 
exhausted  on  the  vacuum  system  shown  in  Figure  9. 
Presently  two  devices  can  be  exhausted  simul- 
taneously on  the  manifold.  Work  to  increase 
the  capacity  of  the  exhaust  system  will  be  de- 
ferred until  the  confirmatory  sample  phase  of 
the  contract.  The  two  position  exhaust  is  ade- 
quate for  the  engineering  samples.  The  manifold 
on  the  vacuum  exhaust  position  will  be  modified 
so  that  more  devices  can  be  exhausted  simul- 
taneously . 

During  exhaust  an  oven  is  placed  over  the  de- 
vices to  bake  them  for  a more  thorough  degassing. 
After  several  hours  of  vacuum  pumping,  the  system 
pressure  is  comparable  with  that  of  a high  vacuum 
power  tube.  When  the  devices  are  cooled  they  are 
valved  off  from  the  vacuum  system  and  the  center 
chamber  that  contains  the  silicon  chip  and  the 
ceramic  insulator  is  back-filled  with  dry  nitro- 
gen . 

The  exhaust  system  may  also  be  used  to  calibrate 
for  thermal  impedance  testing  during  exhaust  pro- 
cessing. In  this  way,  it  will  be  possible  to 
calibrate  the  forward  voltage  of  eac.h  device 
versus  the  temperature  while  on  exhaust  bake-out 
and  thus,  eliminate  an  extra  operation.  Calibra- 
tion is  done  by  conducting  direct  current  through 
the  thyristor  in  the  forward  direction  and  measur- 
ing the  forward  voltage  drop  across  the  device  at 
selected  temperatures,  the  plot  oi  this  tempera- 
ture versus  the  measured  forward  voltage  drop  can 
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Figure  9.  Exhaust  System:  The  center  chamber  housing  the 

contoured  edge  of  the  silicon  wafer  is  exhausted 
and  baked  on  the  system  shown.  Each  device  is 
attached  to  the  manifold  extending  through  the 
insulating  board  in  the  background.  The  oven, 
not  shown,  is  placed  over  the  devices  during 
the  exhaust  for  bake-out.  After  baking  the 
units  the  manifold  is  valved-off  from  the  vacuum 
system  and  the  devices  are  back-filled  with  dry 
nitrogen . 
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be  used  to  interpret  the  junction  temperature 
during  later  thermal  impedance  testing.  The 
forward  voltage  drop  is  a temperature- 
dependent  parameter. 

The  exhaust/bdck-f i 1 1 ing  system  for  the  heat- 
pipe  is  shown  in  Figure  10  and  in  Drawing  No. 
3025571.  In  the  engineering  configuration 
there  is  provision  for  only  one  device  on  the 
manifold.  At  a later  date  the  manifold  can 
be  expanded  to  three  or  more  devices  to  save 
vacuum  pumping  and  back-filling  time.  This 
manifold  fits  on  top  of  the  helium  leak  de- 
tector so  that  all  of  the  heat-pipes  can  be 
leak  checked  before  processing. 

A three-way  valve  is  used  to  process  the  heat- 
pipe.  The  valve  is  first  used  to  pump  out  and 
then  to  close-off  the  heat-pipe  from  the  vacuum 
system.  In  the  third  position  of  the  valve, 
a measured  volume  of  ultra-pure  water  is  allowed 
to  flow  from  the  pipettes  into  the  heat-pipes. 

The  quantity  of  water  is  equal  to  the  pore  volume 
of  the  heat-pipe  wick.  The  device  can  then  be 
pinched-off  from  the  system. 

The  exhaust  tubing  on  the  heat-pipes  is  usually 
pinched-off  longer  than  needed  so  that  the  de- 
vice can  be  placed  back  on  the  system  if  it  be- 
comes necessary  to  salvage  or  reprocess  the 
heat-pipes.  After  satisfactory  resting,  the 
tubing  is  short-pinched  to  facilitate  its  hidden 
position  inside  the  stud  on  the  finished  device. 

The  following  operations  are  the  finishing  opera- 
tions after  the  heat-pipes  arc  back-filled  with 
the  measured  quantity  of  water: 

Nickel  plate  the  entire  device. 

Apply  the  label  identifying  the  type  no. , 
serial  no.  and  manufacturer. 

Coat  the  weld  ring  and  ceramic  with  a pro- 
tective conformal  coating. 

Insert  the  threaded  studs  into  the  end  caps, 
and 

Attach  the  gate  and  auxiliary  emitter  leads. 

The  device  is  now  ready  for  the  mechanical, 
electrical  and  environmental  inspections  in  ac- 
cordance with  SCS-477. 
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Figure  10:  Heat-Pipe  Back-Filling  System;  The  Transcalent 

Thyristor  is  mounted  on  the  manifold  on  top  of 
the  leak  detector  between  the  two  three-way 
valves.  The  hoat-pipes  are  first  exhausted 
and  leak  checked.  After  helium  leak  checking, 
the  valves  are  turned  to  admit  enough  ultra- 
pure  water  from  the  pipettes  to  fill  the  pores 
in  the  wick  of  the  heat-pipes.  The  heat-pipes 
then  are  valved  off  from  the  system.  The  de- 
vice is  removed  from  the  systeii  by  pinching 
through  the  copper  exhaust  tubing  on  each  end. 
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(2)  Electrical  Test  Equipment 


(a)  Status 

All  but  two  of  the  test  equipments  have  now  been 
assembled,  modified  and  checked  out  as  required 
for  the  total  of  41  different  tests  (13  methods) 
for  SCS-477,  Tables  I,  II  & III,  dated  5 December 
1974  as  amended  31  August  1976  by  Amendment  1. 

Only  the  surge  current  and  turn-off  time  test 
sets  remain  to  be  completed.  Design  considera- 
tions and  actual  calculations  for  these  two  so- 
phisticated test  sets  were  included  in  the  First 
Quarterly  Report.  The  check-out  of  both  equip- 
ments will  be  completed  in  the  next  report  period. 

All  of  the  test  equipments  are  listed  in  Table  1 
along  with  the  required  modifications  and  pre- 
sent status.  The  tests  to  be  performed  in  each 
equipment  are  listed  in  Table  2.  Actual  test  re- 
sults are  listed  in  Section  5,  "Data  and  Analysis. 
Test  procedures  are  included  in  Appendix  C. 

The  first,  second  and  eighth  test  equipments  are 
portable,  as  noted  previously,  and  were  moved  to 
the  environmental  laboratory  for  the  tests  listed 
under  Sub-Group  2 of  Table  II,  Group  B and  for 
the  test  listed  under  Sub-Group  3 of  Table  III, 
Group  C inspections  in  SCS-477.  All  equipment 
operated  satisfactorily  in  the  remote  locations. 

Functional  block  diagrams  for  each  of  the  test 
sets  were  included  in  Appendix  C of  the  First 
Quarterly  Report. 

(b)  Exponential^  Rise_Test  Set 

Operation  of  the  exponential  rate  of  voltage  rise 
(dv/dt)  test  set  produced  disastrous  results  when 
modified  to  the  specified  value  of  C (one  micro- 
farad) as  well  as  with  the  voltages  and  . '^FB 

equal  to  800  volts.  The  synchronous  switching 
SCR,  SI  in  Figure  11,  failed  catastrophically  when 
the  peak  surge  current  exceeded  the  ratings  as  R1 
was  reduced  to  zero  ohms  to  achieve  the  required 
minimum  dv/dt  rate  of  200  volts  per  microsecond. 

R6  had  not  yet  been  installed  to  limit  the  maxi- 
mum surge  current  in  the  supply  to  200  amperes. 
Note  that  Cl  in  Figure  11  is  the  same  component 
as  C in  SCS-477,  Method  4231. 
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«Refer  to  Afjpcndix  C of  tiie  First  Quarterly  Report  covering  tfie  period  27  Sep.  1976  to  31  Dec.  1976. 
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The  maximum  single-cycle  surge  rating  on  the 
type  C158T  SCR  used  as  SI  in  this  equipment  is 
1,600  amperes,  but  the  maximum  short-pulse, 
multiple  surge  rating  at  the  lowest  repetition 
rate  is  only  300  amperes!  This  reduced  value 
is  undoubtedly  necessary  to  limit  the  di/dt  rate 
at  turn-on  to  a safe  value.  Thus,  it  is  not 
possible  to  achieve  the  required  high  dv/dt 
rate  by  charging  a one  microfarad  capacitor 
through  a C158T  SCR  without  exceeding  the  re- 
petitive surge  current  rating  of  the  SCR. 

The  C158T  was  selected  for  this  circuit  because 
of  its  fast  turn-on  time  (2|is)  , high  blocking 
voltage  (900  V),  very  high  di/dt  rate  (800  A/ps) 
and  good  pulse  characteristics  ratings.  Larger 
SCRs,  such  as  the  C180T,  have  higher  surge  cur- 
rent ratings  but  too  slow  a turn-on  time  (8us), 
too  low  a di/dt  rate  (75  A/ys)  and  no  published 
pulse  characteristics  ratings.  Limiting  the 
di/dt  rate  would  restrict  the  dv/dt  rate  to 
less  than  the  required  value.  Thus  the  C158T 
is  believed  to  be  the  best  choice  for  this  test 
set . 


The  current  limitation  becomes  apparent  from  the 
transient  current  equation  for  charging  a capa- 
citor, such  as  Cl,  through  a resistor,  R1 . ^ 


= R]_  G - R^Cj 


(1] 


where:  i is  the  instantaneous  current  through 

the  switch,  SI, 

E is  the  supply  voltage,  V,,,  across  El, 
and 

t is  the  time  after  the  closing  of  the 
switch,  SI. 

For  times  of  both  zero  and  one-half  microsecond, 
a voltage  of  800  volts,  a resistance,  Ri,  of  1.8 
ohms  and  a capacitor,  Cj,  of  one  microfarad; 
the  current,  i,  is  calculated,  as  follows; 

800  “(1/1.8  X 1 X 10“6) t 

^ ^ TTS^ 

@t = 0 ys,  i = 444  amperes  initial  surge 

@t = 0.5  ys,  i = 337  amperes  after  one-half  micro- 
second 
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The  value  of  1 . 8 ohms  is  believed  to  be  represen- 
tative of  the  internal  resistance  of  SI  during 
initial  conduction  plus  the  internal  resistance 
of  the  capacitors  and  the  wiring  resistances. 

El  operates  as  an  infinite  source  during  the 
dv/dt  pulse  interval  and  thus  a constant  voltage 
of  800  volts  can  be  assumed. 

The  voltage  rate  of  charge  on  Cl  is  also  the 
voltage  applied  to  the  Device  Under  Test  (DUT) 
in  Figure  11.  This  voltage  can  be  calculated 
from  the  following  equation.- 


eel  = -E  (e'^lCi  -1)  (2) 

where:  e^i  is  the  instantaneous  voltage  charge 

on  Cl,  and  the  minus  sign  signifies  a 
polarity  reversal  from  the  applied 
voltage,  that  is,  a voltage  bucking  El. 

For  the  same  values  used  above,  plus  a third 
time  interval  of  1.8  microseconds,  the  voltage 
is  calculated  below. 

0t  = 0 MS,  ed  = 0 volts  initial  charge. 

@t  = 0.5  MS,  6d  = 194  volts  after  one-half 

microsecond 

@t  = 1.8  MS,  eel  = 505.6  volts,  63.2%  of  the 

peak  value. 

The  dv/dt  (by  the  definition  in  MIL-STD-7 50B , 
Method  4231)  is  this  63.2%  voltage  value  divided 
by  the  time,  t,  to  achieve  505.6  volts.  Thus, 
the  505.6  volts  divided  by  the  1.8  microseconds 
is  a rate  of  280  volts  per  microsecond.  This 
rate  for  the  test  equipment  with  Cl  alone  con- 
nected must  also  allow  for  the  added  capaci- 
tance of  the  DUT  to  be  paralleled  with  Cl  (which 
will  reduce  the  dv/dt  rate) . 


^Skilling,  H.  H.,  Transient  Electric  Currents,  .McGraw-Hill  Book 
Co . , Inc . , 1937 . 
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To  operate  reliably  witn  the  available  C158T 
SCH,  it  has  become  necessary  to  add  resistor  R6 
in  the  figure.  This  establishes  the  minimum 
series  resistance  of  about  2.8  ohms  total  when 
Rl  equals  zero  ohms.  Substituting  2.8  ohms  in 
equations  (1)  and  (2)  above,  the  nev/  peak  surge 
current  and  dv/dt  rate  can  be  determined  for  a 
Cl  of  one  microfarad. 

@t  = 0,  i = 286  amperes  initial  surge. 

= 505.6  V,  t = 2.8  ys  rise  time, 
dv  505.6 

dt  = 2.8  = 180.6  v/ys. 

This  value  of  dv/dt  is  obviously  inadequate. 

A further  circuit  refinement  w'as  thus  necessary. 
The  value  of  Cl  was  reduced  to  0.1  microfarad, 
the  initial  surge  of  current  was  unchanged  but 
dv/dt  values  were  well  in  excess  of  the  re- 
quired 200  volts  per  microsecond.  The  equipment 
can  now  be  used  for  testing  the  initial  en- 
gineering sample  devices. 

The  average  current  through  SI  can  also  be  cal- 
culated at  the  60  Hertz  repetition  rate  by  in- 
tegrating the  current,  i,  in  equation  (1)  with 
respect  to  the  time,  t,  and  dividing  by  the 
period,  T. 


_ t 

rT^i 


dt 


ECi  ^ 

rp  EpCp  ^ ~ rep’  rate  (8) 


Substituting,  T = ^ second,  E = 300  voJts, 

Rp  = 2.8  ohms  and  Ci  = 0.1  microfarad,  the 
value  of  the  average  current  is  found  to  be  a 
very  low  five  milliamperes . The  dissipation 
will  be  correspondingly  low.  Thus  the  repe- 
tive  peak  current  of  SI  becomes  the  Jimiting 
parameter  in  this  circuit  to  achieve  the  re- 
quired dv/dt  rate. 


45 


A replacement  C158T  SCR  has  operated  for  several 
hours  under  these  revised  conditions  with  no  de- 
terioration. It  should  be  noted  that  the  reduced 
value  of  Cl  actually  increases  the  severity  of 
the  test  conditions  applied  to  the  DUT , as  well 
as  provides  for  the  higher  reliability  of  the 
test  equipment  by  reducing  the  surge  currents  and 
pulse  durations  through  SI  to  less  than  the  maxi- 
mum rated  values.  Thus,  it  is  planned  to  use  the 
dv/dt  equipment  with  this  modification  vintil  a 
suitable  higher  rated  SCR  can  be  secured  to  with- 
stand the  higher  surge  currents  caused  by  a one 
microfarad  capacitor.  Cl. 

(c)  Repetitive_Surge_Current_Test  Se;t 

The  equipment,  designed  to  meet  t.he  conditions  of 
method  4066.2  of  the  repetitive  surge  current  test, 
is  operational  and  the  feasibility  and  ease  of 
measurement  was  determined.  The  first  require- 
ment of  this  test  is  to  elevate  the  thyristor 
junction  to  normal  operating  temperatures  by  ap- 
plying a forward  average  current  of  250  amperes. 
After  a preset  heating  time  to  achieve  thermal 
equilibrium,  a surge  current  of  4000  amperes  peak 
supplants  the  heating  current  for  one-half  cycle 
of  the  60  Hz  supply.  On  the  next  one--'..r.lf  cycle 
(the  negative  half  or  reverse  voltage  cycle)  an 
adjustable  high  voltage  is  applied  to  test  the 
device  for  recovery  of  reverse  blocking  after 
the  surge  of  current. 

This  reverse  voltage  supply  is  adjus^aole  from 
100  to  600  volts  rms  or  to  approximate! y S50 
volts  peak.  The  range  can  bo  extended  to  1600 
volts  peak  with  an  interr.ai  tap  change.  The 
supply  has  an  internal  impedance  of  600  ohms  in 
series  with  a sensing  relay  to  detect  if  the 
thyristor  under  test  fails  to  olcck.  The  seqx'.ence 
of  current  and  voltage  applications  requires  that 
these  supplies  be  oroperly  p.hased  and  that  the 
surge  as  well  as  the  reverse  v'oltage  he  initiated 
at  a zero  voltage  cross-over  point  in  the  proper 
sequence . 

The  "one  shot"  surge  circuit  is  shown  in  Figure 
12.^  With  the  polarity  of  line  voltage  shown. 


diofl;.  Dl  charges  Cl  tc  the  peak  Ijne  voltage. 

With  the  closure  of  the  "surge  on"  relay,  RLl, 

SCRl  is  triggerea  on  any  portion  r*  a reverse 
voltage  cycle  by  charge  currents  through  diode 
D2  and  capacitor  C2.  SCRl  -.hen  oegins  discharg- 
ing capacitor  Cl  and  the  RC  txinc  constant  is  such 
that  SCRl  remains  in  conduction  for  the  next  posi- 
tive one-half  cycle  applying  power  to  the  primary 
winding  of  the  surge  current  truiisfcrmer . SCRl 
does  not  have  gate  power  for  the  following  cycle 
because  capacitor  C2  is  fully  charged.  Capacitor 
Cl  is  also  discharged  sc  that  holding  currents  are 
not  present  into  the  follov/ing  cycle.  Therefore, 
only  one-half  cycle  is  completed  until  RLl  is 
reset,  thus  discharging  capacitor  C2  for  the  next 
surge  requirement  a minute  later,  A pulse  trans- 
former is  included  in  this  circuit  to  initiate 
the  reverse  voltage  applicaticr.  circuit  which  is 
nearly  identical  to  the  surge  current  circuit. 

The  automatic  test  feature,  i.e.,  10  surge  cycles 
spaced  one  minute  apart  after  initiation  is  pre- 
sently not  used  because  of  relay  oscillation 
generated  by  varying  closure  time£ . Tae  system 
can  be  modified  to  eliminate  this  problem  but 
for  the  present,  manual  operation  will  be  used 
to  evaluate  che  first  few  devices,  with  manual 
initiation  of  each  of  the  required  ten  surges. 

To  test  for  proper  functioning  of  the  equipment, 
a Transcalent  diode,  Type  Jj.5378  , with  a maximum 
inverse  voltage  rating  of  200  volts  for  this  par- 
ticular sample,  was  operated  in  the  test  socket 
for  approximately  24  forward  current  surges,  30 
seconds  apart,  from  3000  peak  amperes  graduating 
to  7000  peak  amperes  on  thi^  ^ nal  data  point. 

With  each  surge  150  to  1^1  '’o  rs  of  peak  reverse 
voltage  was  applied  without  failure  of  the  device. 
A 250  amperes  heating  current  was  applied  ini- 
tially and  maintained  between  surges 

To  test  the  phasing  of  the  aate  trie. -or  of  the 
device  under  test,  a 2N4103  thyristor  (TO-3  case) 
was  installed  which  is  rated  a*-  S amperes  average, 
200  amperes  surge  and  600  volts  iiiversc  blocking. 

This  device  shorted  after  fcui  idOO  amperes 
surges  and  400  volts  inverse.  This  small  device 
held-up  well  considering  the  average  heating  cur- 
rent was  maintained  at  25  amperes  between  the  one 
minute  spaced  surges.  The  equipment  was  judged 
to  be  ready  for  testing  a Transcalent  SCR. 
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A J15371  SCR  (engineering  sample)  , vvhich  demon- 
strated high  leakage  currents  above  200  volts 
inverse,  was  tested.  The  heating  current  was 
set  at  250  amperes  average  and  the  unit  was 
surged  at  4000  amperes  peak  for  twelve  cycles. 

The  device  failed  to  block  when  the  inverse 
applied  voltage  exceeded  170  peak  volts  (as 
expected) . The  inverse  voltage  was  set  at 
160  volts  for  a large  percentage  of  the  surges 
and  the  device  blocked  satisfactorily. 

It  was  noted  during  the  tests  that  when  the 
heating  current  was  operated  at  the  specified 
250  amperes  average  (as  read  by  an  analog  meter) , 
that  the  corresponding  peak  value  was  900  amperes 
(as  read  from  a resistor-oscilloscope  combination) 
From  the  calculation  of  the  base  width,  to,  of  a 
cosine  pulse  train  (rectified)  of  period,  T,  the 
ratio  is  given^  as: 

to  _ TT  Aav  _ tt  250  1 

T “ 2 Apeilc  “ 2 900  ' 2.29  = 0.436  (4) 

or  a conduction  angle  of  157  degrees  instead  of 
180  degrees  applies  to  the  system.  This  cc<rresponds 
to  7.27  milliseconds  of  conduction.  This  conduc- 
tion angle  means  the  rms  current  is  actually 
higher  than  anticipated  and  can  be  calculated 
approximately  by  the  following  equation: 


Arms 

Aav 


2/2  ^ = 


(5) 


Substituting  from  equation  (4)  yields  the  following 
RMS  current  values: 

Arms  = 250  (1.11  \J2)  = 393  A (for  130°  conduction) 

Arms  = 250  ( 1 . 11 '^''^2 . 29 ) = 420  A (for  157°  conduc- 
tion) 

This  latter  value  represents  about  a seven  percent 
increase  over  the  theoretical  RMS  current  and  will 
increase  the  severity  of  the  test  since  the  RMS 
current  is  the  heating  value  that  produces  the 
elevated  junction  temperatures  prior  to  each  surge. 

3 

ITT,  Reference  Data  for  Radio  Engineers,  (4th  Ed.),  1956,  New  York. 
NY,  Pg.  1022 
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Additional  work  to  be  performed  in  the  next  report 
period  will  be  to  verify  the  calibration  of  the 
meters  and  the  peak  reading  system  as  well  as  to 
revise  a portion  of  the  circuit  wiring  to  incor- 
porate the  automatic  recycling  feature.  The 
latter  revision  will  enable  the  unattended  oper- 
tion  of  this  test  equipment  on  future  devices  with 
a corresponding  savings  in  testing  labor. 


d . Conclusions 

The  process,  equipment  and  tooling  have  been  designed, 
fabricated  and  checked-out  on  the  engineering  sample  parts 
and  assemblies.  The  through-put  of  some  equipment  will  be 
increased  in  the  confirmatory  sample  phase  to  facilitate 
the  pilot  run.  Yields  have  been  improved  where  high  scrap 
was  produced. 

The  modified  processes,  tooling  and  equipment  described  above 
are  expected  to  produce  and  evaluate  five  satisfactory  en- 
gineering sample  devices  in  accordance  with  SCS-477  and  para- 
graph F.47.  Any  additional  limitations  that  become  evident 
during  the  production  of  these  engineering  samples  will  be 
corrected  in  the  confirmatory  sample  phase. 

e.  Drawings  and  Photographs  of  Tooling  and  Equipment 

Copies  of  the  drawings  of  the  special  tools  and  fixtures 
that  have  been  modified  are  included  in  Appendix  E.  Photo- 
graphs were  included  above,  adjacent  to  the  text  references, 
for  the  fixtures  discussed  in  detail  in  the  text. 

Drawings  of  the  jigs  and  fixture  designs  were  included  in 
Appendix  B of  the  First  Quarterly  Report.  Any  major  re- 
visions to  these  drawings  have  been  included  in  Appendix  B 
of  this  report. 

Testing  procedures  for  the  electrical  test  equipment  are  in- 
cluded in  Appendix  C.  Circuit  diagrams  were  included  as 
Functional  block  diagrams  in  Appendix  C of  the  First  Quar- 
terly Report. 
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3.  Flow  Chart  of  Manufacturing  Process  Yield 


Manufacturing  process  yields  are  to  be  determined  during  the 
Pilot  Run. 


4.  Equipment  and  Tooling  Costs 

This  requirement  is  not  generally  applicable  to  a Firm  Fixed 
Price  Contract  on  equipment  and  tooling  that  is  furnished  by 
the  vendor. 


1 


51 


5. 


Data  and  Analysis 


a . Inspections 

Group  A,  B and  C Inspections  as  specified  in  SCS-477  were 
begun  during  the  report  period  on  the  first  three  engineer- 
ing sample  devices.  The  minimum  acceptance  criteria  are 
those  specified  in  Section  F.47  of  the  contract,  as  follows: 


TABLE  I - GROUP  A INSPECTION 
Subgroup  1 Visual  and  Mechanical  Inspection 
Forward  Blocking 
Forward  Blocking  Current 
On-State  Voltage  and  Holding  Current 


Subgroup  2 
Subgroup  3 
Subgroup  4 


All  engineering  test  samples  will  be  tested  for  compliance 
with  Section  3 in  accordance  with  Section  4 of  SCS-477. 


To  date,  all  mechanical,  most  electrical  and  some  environ- 
mental tests  have  been  completed  on  one  or  more  of  the  ini- 
tial devices.  Actual  results  are  listed  on  the  Test  Data 
Record  Forms,  Table  3a,  b,  c & d. 

The  sequence  of  testing  was  modified,  as  required  to  utilize 
each  piece  of  equipment  as  it  became  available.  Effects  on 
the  validity  of  the  results  were  considered  in  each  case  so 
that  subsequent  tests  would  not  be  impaired.  Also,  in  many 
cases,  additional  engineering  data  was  secured  to  guide  con- 
trols and  refinements  to  be  incorporated  in  the  subsequent 
Confirmatory  Sample  phase. 

(1)  On-Ctate  Voltage  - Method  4226 

The  on-state  voltage  test  (Table  I,  Group  A Inspection, 
Subgroup  4)  is  an  example  of  an  inspection  during  which 
additional  engineering  data  was  secured.  The  values  of 
peak  on-state  voltage,  VpM,  for  various  average  cur- 
rents, . p,  of  device  Serial  No.  N2  are  plotted  in  Figure 
13.  The  test  conditions  at  the  250  amperes  point  are 
those  of  SCS-477,  namely,  a frequency  of  60  Hertz,  a 
conduction  angle  of  greater  than  160  degrees,  a heat 
sink  (heat-pipe)  temperature  of  100°  Celsius,  forced 
air  cooling  flow  of  less  than  150  cubic  feet  per  minute 
ard  an  ambient  temperature  of  25  + 3°  Celsius.  The 
measured  value  of  Vpj,]  under  these  conditions  was  1.33 
volts,  well  within  the  specified  maximum  value  of  2.0 
volts . 
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This  test  is  one  of  the  minimum  acceptance  criteria 
listed  above  for  the  engineering  samples  submitted, 

A more  thorough  evaluation  was  thus  believed  to  be 
justified . 

Figure  14  shows  the  variation  of  heat-pipe  tempera- 
tures on  Serial  No.  N2  with  average  currents  and 
cooling  air  flows.  Four  temperature  measurement 
points  were  utilized  to  verify  that  the  heat-pipes 
were  both  balanced  and  isothermal.  Note  that  the 
air  flow  had  to  be  reduced  from  82  to  73  cubic  feet 
per  minute  to  achieve  the  case  temperature  of  100°  C 
at  the  250  A of  average  current  required  for  this 
inspection . 

Devices  No.  N1  and  N3,  as  listed  in  Table  3a  of  this 
report,  also  passed  this  inspection  with  no  difficulty. 

(2)  Thermal  Resistance  - Method  3151 

Another  crucial  inspection  for  Transcalent  Devices  is 
the  thermal  resistance  (Table  III,  Group  C,  Subgroup 
5) . Additional  engineering  data  was  taken  initially, 
before  the  -25°  Celsius  frozen  start  test  and  before 
the  200  cycles  thermal  fatigue  test,  to  establish  a 
reference  value  for  any  hidden  defects  that  might  be 
incurred  by  those  latter  two  severe  test  conditions. 

Thermal  resistance  test  results  for  device  Serial  No.  N2 
are  plotted  in  Figure  15  for  various  values  of  dissipa- 
tion. In  the  figure,  250  watts  of  dissipation  corres- 
ponds to  a forward  current.  Ip,  of  250  amperes  on  this 
particular  device.  This  correlation  of  dissipation  and 
current  will  vary  slightly  with  the  on-state  voltage  of 
each  device. 

The  thernal  resistance,  is  calculated  and  plotted 

from  the  following  equation  for  each  heat-pipe,  anode 
and  cathode. 


®J-c  = ^ ° C/watt  (6) 

Pd 

where:  Tj  is  the  junction  temperature  in  previously 

calibrated  in  a temperature  controlled  oven  at 
a metering  current  of  4 amperes, 

Tpjp  is  the  heat-pipe  temperature  in  °C  at  the 
base  of  the  fins,  and 
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is  the  dissipation  of  tne  thyristor  silicon 
wafer  in  watts,  at  the  specified  on-state  for- 
ward current. 

Note  that  both  heat-pipes  have  a of  less  than  the 

specified  maximum  value  of  0.15  degrees  Celsius  per 
watt  at  250  watts  of  dissipation.  The  average  value  of 
the  two  heat-pipes  is  listed  in  Table  3d. 

Devices  No.  N1  and  N3  were  also  measured  as  listed  in 
Table  3d.  Device  N3  passed  the  specified  maximum 
thermal  resistance  value  but  N1  did  not  because  of  un- 
balanced heat-pipes.  An  internal  mechanical  defect  is 
suspected  in  Nl.  It  will  be  analyzed  after  additional 
testing  is  performed. 

Note  that  with  heat-pipe  cooling,  the  thermal  impedance 
actually  improves  with  increasing  dissipation.  This 
unique  characteristic  provides  an  added  safety  factor 
for  overloads  and  for  high  ambient  temperatures  such 
as  may  be  encountered  by  military  equipment.  This 
characteristic  of  heat-pipe  cooling  thus  improves  re- 
liability. Most  other  coolers,  consisting  of  solid 
materials,  have  a worsening  of  thermal  impedance  with 
increasing  temperature,  because  of  the  decrease  of 
thermal  conductivity  with  temperature. 

The  thermal  resistance  of  a solid  state  device  to  the 
ambient  cooling  air,  was  also  measured,  calculated 

from  the  following  equation  and  plotted  in  the  figure. 

^eJA  ^ — — °C/watt 

Pd  (7) 

where:  T;^  is  the  temperature  in  °C  of  the  cooling 
air  flow. 

No  limit  on  this  parameter  is  specified  in  the  contract 
but  it  is  important  as  applications  engineering  data 
for  future  equipment  designs. 
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b . Discussion  of  Inspection  Results 

The  test  results  on  the  first  three  devices  reveal  an  ob- 
vious consistency  or  reproducibility  of  the  electrical, 
mechanical  and  thermal  characteristics  as  well  as  a need 
for  improvement  in  a few  of  the  parameters.  Specific 
comments,  analysis  and  discussion  of  the  test  results  are 
listed  below  by  inspection  subgroup  in  SCS-477.  Refer  to 
Table  3a,  b,  c and  d for  specifications  (spec.)  and  actual 
measured  values. 

(1)  Table  I - Group  A 

( a ) Subgroup  1 

All  devices  are  acceptable  at  Visual  and  Mechani- 
cal inspection.® 

( b ) Subgroup  2 

The  room  temperature  forward®  and  reverse  leakage 
currents  at  800  volts  are  well  within  the  spec. 

( c ) Subgroup  3 

Some  improvement  in  the  forward®  and  reverse 
leakage  current  characteristics  is  obviously 
needed  at  125°C.  The  gate  voltage  is  well  within 
spec,  and  the  dv/dt  will  be  measured  at  the  high 
temperature  of  125°C  during  the  next  report 
period. 

(d)  Subgroup  4 

The  gatg  voltage,  holding  current®  and  on-state 
voltage'-  are  all  in  spec.  Only  the  gate  current 
requires  improvement.  The  turn-off  time  test  set 
will  be  completed  for  measurement  of  the  turn- 
off time  parameter  during  the  next  report  period. 

(2)  Table  II  - Group  B 
(a)  Subgroup  1 

The  surge  current  test  set  will  be  completed  and 
used  to  measure  this  parameter  during  the  next 
report  period. 


0 


Minimum 


acceptance 


criteria 


for  engineering  samples. 
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(b)  Subgroup  2 ! 

I 

All  test  results  at  25  degrees  below  zero  were  1 

in  spec.  In  addition,  the  thermal  resistance 

was  measured  on  all  three  devices  to  detect  any  ^ 

hidden  damage  that  might  have  been  caused  by  the 

frozen  starts.  Two  of  the  three  devices  tested 

showed  no  damage  (refer  to  Table  3d) . The  third 

had  its  blocking  voltage  as  well  as  its  thermal  , j 

resistance  degraded  by  this  test.  , i 

j 

(c)  ' 

i 

These  environmental  tests  will  be  performed  i 

during  the  next  report  period.  i 

(d)  §^£9£°HP_i  ^ 

I 

Performance  of  this  800  volts  blocking  voltage 
life  test  must  await  the  availability  of  addi- 
tional devices  with  lower  leakage  currents  at 
1250C.  The  first  three  devices  experience  ! 

thermal  runaway  from  the  added  dissipation  of  ' 

their  high  leakage  currents.  They  will  block 
800  volts  of  ac  only  for  limited  time  intervals  ; 

at  high  temperatures.  The  junction  temperature 
increases  from  the  dissipation,  thus  thermally 
increasing  the  leakage  current  and  this  con- 
tinues cumulatively  until  thermal  runaway  oc- 
curs and  the  current  limiting  fuse  of  the  test 
set  is  blown-out.  A maximum  of  57  hours  was 
achieved  with  one  of  the  devices  by  reducing 
the  oven  temperature  in  an  attempt  to  compen- 
sate for  the  internal  dissipation  of  the  device. 

(3)  Table  III  - Group  C 

( a ) Subgroup  1 

The  physical  dimensions  are  all  in  spec.  Refer 
to  Figure  1 for  the  locations  of  the  dimensions 
A through  E. 

(b)  Subgroup  2 

Shock,  Vibration  and  Constant  acceleration  tests 
will  be  scheduled  in  the  next  report  period. 
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(c)  ^bgroup  3 

One  device  was  tested  at  reduced  barometric 
pressure  and  there  was  no  deterioration  of  the 
Final  Measurement  paraimeters  from  the  initial 
values  listed  in  Table  3a. 

(d)  Subgroup  4 

Thermal  fatigue  was  measured  on  two  of  the  three 
devices.  One  degraded  because  the  cooling  air 
flow  in  this  test  set  was  inadequate  and  allowed 
damagingly  high  junction  temperatures  of  160  to 
180°C  to  occur.  This  cooling  deficiency  has  been 
corrected  by  the  installation  of  a much  larger 
blower . 

The  third  device  could  not  be  tested  because  of 
the  excessive  thermal  resistance  noted  in  Table 
3d. 

Salt  atmosphere  tests  will  be  scheduled  in  the 
next  report  period. 

( e ) Subgroup  5 

The  thermal  resistance  of  all  three  devices  was 
measured  both  before  and  after  the  frozen  start 
tests.  Two  of  the  three  are  satisfactory.  This 
parameter  will  be  measured  again  at  the  comple- 
tion of  the  inspections. 

c , Corrective  Action 

Corrective  action  has  been  instituted  to  improve  the  high 
temperature,  forward  blocking  current  and  the  gate  current 
values  on  the  future  engineering  sample  devices.  These  de- 
vices are  expected  to  become  available  for  inspection  in 
April  and  May.  Additional  improvements  will  be  incorporated 
before  the  confirmatory  sample  phase  to  meet  any  other  de- 
ficiencies that  may  become  apparent  during  the  remaining 
inspections.  Yields  will  be  improved  prior  to  the  pilot 
run . 
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Figure  16 : Actual  recording  of  the  heat-pipe 

temperature  excursion  during  the 
Thermal  Fatigue  test.  Temperature 
specification  is  30  + lO^C  min. , 

90  + lOOc  max. 
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6.  Specification 


The  only  specif ication  change  suggested  at  this  time  is  the  addi- 
tion of  a thermal  resistance  test  in  Table  II,  Subgroup  1.  This 
preliminary  determination  of  heat-pipe  efficiency  could  then  be 
used  to  detect  any  internal  damage,  or  delamination  that  may  be 
caused  by  the  frozen  start  (-25°C)  test  of  Subgroup  2.  This 
added  test  was  performed  on  the  first  three  engineering  sample 
devices,  as  discussed  above. 


7.  Requirement  for  Pilot  Run 
Not  applicable  until  later  in  the  contract. 


8.  Total  Cost  for  Pilot  Run 
Data  not  yet  available. 
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9.  Program  Review 


The  PERT  chart  was  revised  and  resubmitted  to  ECOM  on  14  March 
1977.  As  of  31  March  1977,  the  program  was  about  six  weeks 
behind  schedule.  The  first  Lancaster  diffused  devices  were 
tested  in  the  laboratory  in  February  1977  giving  preliminary 
indications  that  the  high  temperature  blocking  voltages  were 
not  yet  comparable  to  Somerville  diffused  devices.  Heat-pipe 
fabrication  was  concluded  while  measures  were  taken  to  cor- 
rect the  difficulties,  as  discussed  in  the  text.  Corrosion 
tests  and  the  revisions  to  the  engineering  drawings  were  com- 
pleted. Modifications  are  nearing  completion  on  the  test 
equipment  so  that  electrical  testing  can  be  completed  in  the 
next  report  period.  Process  record  forms  are  in  use  and  ex- 
tensive test  data  has  been  secured  on  the  initial  devices  in 
spite  of  their  voltage  limitations. 
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CONCLUSIONS 


Overall  it  is  estimated  that  the  program  was  about  15%  com- 
pleted in  the  first  six  months  of  the  contract.  There  is 
concern,  however,  that  the  additional  time  required  to  achieve 
wafers  equivalent  to  Som.erville ' s original  quality  may  jeo- 
pardize the  delayed  delivery  schedule  in  the  next  quarterly 
report  period. 

Considerable  effort  is  being  expended  to  correct  the  diffi- 
culties so  that  the  program  can  be  returned  to  schedule  in  the 
confirmatory  sample  phase.  Considerable  progress  is  apparent 
in  recent  diffusion  lots  at  Lancaster  that  exhibited  blocking 
voltages  of  1,100  to  1,400  volts  after  the  crucial  high  voltage 
junctions  were  driven  into  the  silicon.  Leakage  currents,  even 
at  high  temperatures,  are  now  very  low.  Additional  engineering 
sample  devices  will  be  assembled  as  soon  as  these  newest  thy- 
ristor wafers  have  completed  the  remaining  processing  and 
metallizing . 

RCA  is  still  confident  of  meeting  the  MM&TE  specification  re- 
quirements for  the  confirmatory  sample  and  pilot  run  devices. 


PROGRAM  FOR  NEXT  QUARTER 


• 1.  Process  additional  silicon  wafers  with  modified  diffusion 

f schedules  for  higher  voltage  and  complete  the  assembly  of 

; additional  engineering  sample  devices, 

! 

! 2.  Perform  environmental  tests  on  the  first  engineering  sample 

devices , 

3.  Complete  the  check-out  of  the  two  remaining  test  sets  for 
the  surge  current  and  turn-off  time  tests, 

4.  Deliver  the  engineering  sample  devices  following  comple- 
tion of  all  tests,  and 

5.  Reissue  the  PERT  chart  to  reflect  the  additional  delays 
in  transferring  the  wafer  technology  to  Lancaster. 

I 
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IDENTIFICATION  OF  PERSONNEL 


The  professional  and  skilled  technical  personnel  who 
actually  worked  on  the  MM&TE  project  during  the  first 
and  second  quarters  have  varied  backgrounds,  as  listed 
in  the  biographical  resumes  included  in  the  First 
Quarterly  Report.  Three  additional  resumes  are  in- 
cluded in  this  report  for  added  personnel  assigned  to 
the  project  in  the  Second  Quarter. 

In  addition,  numerous  supporting  personnel  including 
managers,  secretaries,  purchasing  agents,  marketing 
specialists,  machinists,  electricians,  experimental 
tube  builders,  etc.  have  contributed  to  the  progress 
made  in  the  first  six  months  of  the  contract. 
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C.  V.  Reddiq,  Asso  Engineering  Technician,  Electrical  and 

Mechanical 


Mr.  Reddig's  education  following  graduation  from  high  school 
in  1942  included  Wyomissing  Polytechnic  Institute  where  he  com- 
pleted all  freshman  courses  in  1943. 

In  the  Air  Corps  from  1943  to  1946,  he  graduated  from  various 
schools  including  Scott  Field,  II,  in  Radio  and  Code,  Boca 
Raton,  FL,  in  Radar,  and  Fort  Myers,  FL,  in  Gunnery. 

In  1948  he  completed  a two-year  technical  program  at  Bliss  Elec- 
tronics in  Washington,  DC. 

In  1952  at  the  Dellingen,  Germany,  Academy  for  Officers,  he 
completed  advanced  officers'  school  and  is  presently  a Major 
in  the  Pennsylvania  National  Guard.  He  is  taking  Army  exten- 
sion courses  at  present  in  the  National  Guard.  Also,  he  com- 
pleted an  RCA  Institutes  TV  Repair  course,  a basic  transistor 
course  and  Ls  presently  enrolled  in  ICS  Electronics  courses. 

RCA  Work  Experiences 

He  started  with  RCA  in  March,  1948  as  an  electrician  where  he 
gained  experience  in  repairing  various  test  sets  for  power  de- 
vices . 

In  1952,  he  was  assigned  to  the  construction  and  testing  of  large 
power  cavities,  to  the  H.P.L.F  radar  program  and  to  the  fabrica- 
tion of  traveling  wave  tubes  for  shipment  to  customers. 

On  assignments  in  the  life  test  area,  Mr.  Reddig  built  many  test 
positions  for  various  tube  types,  including  picture  tubes.  He 
designed  and  built  many  power  supplies  and  complete  equipments 
for  tube  testing  and  operated  various  test  sets  in  the  life  test 
area  to  evaluate  tubes. 

A reassignment  to  the  cooking  tube  project  involved  the  set-up  of 
a complete  area  for  life  testing  of  the  triode  cooking  tube,  the 
design  of  a simplified  power  supply  and  the  construction  of  many 
of  these  supplies  for  in-house  use  and  for  sales  to  customers. 

The  life  testing  of  cooking  tubes  was  also  included  in  this 
assignment . 

In  a subsequent  assignment  to  Power  Tube  development,  he  con- 
structed and  designed  many  equipments  for  the  testing  of  medium 
power  tubes  such  as  types  8916,  8807,  etc.  He  also  participated 
in  various  frequency  stability  tests.  He  black-coated  anodes  in 
a vacuum  system,  tested  developmental  tubes  and  repaired  a 
variety  of  equipments  including  oscilloscopes  and  other  sophis- 
ticated facilities. 
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Just  a sl^ort  time  before  this  present  assignment,  he  was  res- 
ponsible for  r.f.  cavity  construction  and  testing  for  sales  to 
customers.  In  his  latest  project,  he  is  responsible  for  Trans- 
calent test  set  construction  and  checkout.  Transcalent  devices 
are  a new  solid  state  power  product  development  in  the  M&P  Labora- 
tory . 

Besides  his  employment  at  RCA,  he  operates  a radio  and  TV  repair 
business,  is  presently  teaching  OCS  at  IGMR,  is  Commanding  Of- 
ficer for  five  battalions  in  the  28th  Division  as  well  as 
teaches  radio  and  radar  operation  and  repair  in  the  National 
Guard . 
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D.  R.  Trout  - Member,  Technical  Staff 


Mr.  Trout  joined  the  RCA  Electron  Tube  Division  in  1954  as  an 
undergraduate  cooperative  student.  He  acquired  thirty  months 
of  experience  during  this  period  as  an  Electrical  Equipment  De- 
signer. Upon  graduation  from  Drexel  Institute  of  Technology 
in  1958  with  a B.S.  degree  in  Electrical  Engineering,  he  was 
assigned  to  the  Large  Power  Tube  Equipment  Development  group. 
Here  he  was  instrumental  in  the  development  and  operation  of 
several  high-power,  high-frequency  test  facilities.  Responsi- 
bilities also  included  evaluation  testing  of  product;  high 
power  triodes,  tetrodes,  klystrons  and  more  recently,  Coaxitrons 
and  Transcalent  solid  state  devices. 

Mr.  Trout  received  his  M.S.  degree  in  Physics  from  Franklin  and 
Marshall  College  in  1974.  He  is  presently  utilizing  in-plant 
educational  programs  in  both  technical  and  non-technical  areas 
to  further  increase  his  theoretical  knowledge. 

Mr.  Trout  is  a Registered  Professional  Engineer  in  the  State 
of  Pennsylvania  and  is  a member  of  Sigma  Pi  Sigma. 


Anthony  J.  Witkowski  - Senior-  Engineering  Technician, 

Electrical  and  Mechanical 


Mr.  V'Jitkowski  was  graduated  from  Hillyer  College  in  Hartford,  CT 
in  1956  with  an  Associate  of  Science  degree  in  Electronic  En- 
gineering. He  has  subsequently  completed  two  company-sponsored 
courses  in  basic  transistor  theory  and  applications. 

He  joined  the  Large  Power  Tube  Test  Equipment  Design  group  in 
1959  and  participated  in  the  design  of  test  facilities  for  Large 
Power  Triodes  such  as  the  7835  and  6950  types.  He  was  later 
transferred  to  the  Applications  group  and  assisted  in  the  evalua- 
tion of  the  design  of  several  Large  Power  Tetrodes  (types  2041  & 
4648)  and  the  subsequent  design  and  development  of  test  facili- 
ties for  the  above  tetrodes.  Extensive  high  current,  high  volt- 
age circuit  experience  was  gained  during  these  assignments. 

In  1974  he  was  transferred  to  the  Large  Power  Tetrode  Production 
Department.  While  there,  he  was  involved  in  test  and  evaluation 
of  the  Large  Power  Tube  Tetrode  line.  His  duties  there  were  to 
evaluate  these  tetrodes  according  to  applicable  Military  Specifi- 
cations and  to  mail  ^ain  the  extensive  test  facilities. 

In  1977,  he  joined  the  Transcalent  Devices  Development  group  and 
has  been  assigned  to  the  development  and  processing  of  the  high 
current,  high  voltage  transcalent  SCRs  for  the  MM&TE  contract. 

He  is  involved  in  the  refinement  of  the  silicon  wafer  processes 
which  include  silicon  diffusion,  photoresist  masking  and  chemical 
etching  operations  as  well  as  the  metallographic  analysis  of 
junction  depths.  He  also  constructs  special  equipment  for  use 
in  the  processing  and  evaluates  the  high  voltage  capabilities 
of  the  silicon  wafers. 
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APPENDIX  A 

J-15371  Revised  Parts  and  Assembly  Drawings. 
Refer  to  the  First  Quarterly  Report  for 
Other  Parts  and  assembly  drawings. 

(Note;  Organized  in  numerical  order  by 
drawing  number.) 
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APPENDIX  B 

Revised  Tooling  and  Photo-Mask  Drawings. 
Refer  to  the  First  Quarterly  Report  for 
other  tooling  and  photo-mask  drawings. 

(Note:  Organized  in  numerical  order  by 

Drawing  Number . ) 
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APPENDIX  C 

Operating  Procedures  for  the  Electrical  Test 
Equipment.  Refer  also  to  the  Functional 
Block  Diagrams  for  the  Electrical  Test  Equip- 
ment included  in  the  First  Quarterly  Report. 

(Note;  Organized  in  alphabetical  order  by 
Test  Set  title.) 
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EXPONENTIAL  RATE  OF  VOLTAGE  RISE  (dv/dt)  TEST  PROCEDURE 


DATE: 

EQUIPMENT: 


A/1/11  RMH 

1.  Beta  High  Voltage  Power  Supply  - Connect  high 
voltage  cable  to  dv/dt  chassis  in  cabinet  and 
to  125°C  oven.  Connect  interlocks. 

Set  Up:  Voltmeter  Range  - high 

Milliameter  Range  - medium 


2.  Tektronix  Power  Supply  Type  160A 

3.  Tektronix  Pulse  Generator  Type  161  - Plugged 

into  160  A.P.S. 


Set  Up:  Input  - from  sawtooth  output  of 

162  waveform  generator 
Trigger  - negative  sawtooth 
Output  Pulse  Delay  - adjusted 
during  test. 

Pulse  Width  - 0.1  millisecond 
Pulse  Width  Multiplier  - adjust 

during  test,  if  necessary 
for  stability 

Pulse  Amplitude  - 50  volts 
Pulse  Polarity  - positive 
Pulse  Output  - to  pulse  input 
of  dv/dt  chassis 

4.  Tektronix  Waveform  Generator  Type  162  - 
Plugged  into  160  A P.S. 

Set  Up:  Operating  Mode  - power  out 

Vernier  - calibrated  pos. 

Pulse  Interval  -1.6  milliseconds 
Multiplier  - 10  (synchronize  with 
60  Hz  line  frequency) 

Gate  Out  - to  external  trigger 
of  oscilloscope 
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EXPONENTIAL  RATE  OF  VOLTAGE  RISE  (dv/dt)  TEST  PROCEDURE  (Cont.) 


5.  Tektronix  Type  545  Oscilloscope  or  equivalent 

Set  Up:  Trigger  Slope  - external  + 

Triggering  Mode  - AC  fast  or  automatic 
Time/Cm  - Varied  during  test 
Multiplier  - Varied  during  test 

6.  Tektronix  Type  53/54C  Plug  in  Unit  or  equivalent 


Set  Up:  Channel  A (a) 

(b) 

(c) 

(d) 


Calibrated 
2 Volts/Cm 
Polarity  - Normal 
DC 


7.  Tektronix  Probe  P6009  100:1 


Set  Up:  Attached  to  Channel  A 

Banana  Plug  End  into  DUT  on  the 
dv/dt  panel 

PROCEDURE:  1.  Mount  DUT  in  oven  - connect  to  dv/dt  cabinet 

observing  polarity.* 

2 . Read  and  record  DUT  Temperature  and  connect 
interlock  plug  to  side  of  dv/dt  cabinet. 

3.  Turn  on  Pulse  Amplifier  and  associated  equip- 
ment. 


4 .  Advance  Voltage  on  Beta  Supply  to  about 
400  volts  peak  to  obtain  the  proper  trace 
on  the  oscilloscope  - while  setting  the 
Time/Cm  switch  on  the  oscilloscope  to 
100  milliseconds.  This  will  show  if  the 
60  Hz  required  is  present  and  also  if  the 
commuting  SCR  in  the  dv/dt  test  set  is 
operating  properly.  Trace  should  be  steep- 
wave  front  of  the  application  of  V;^  to  the 
DUT.  The  trace  can  then  be  expanded  by  the 
Time/Cm  switch  to  enable  the  operator  to 
accurately  read  the  time  it  takes  for  the 
voltage  to  reach  63.2%  of  V^. 


*See  footnote  on  next  page. 
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EXPONENTIAL  RATE  OF  VOLTAGE  RISE  (dv/dt)  TEST  PROCEDURE  (Cont.) 


5.  The  voltage  is  then  advanced  to  800  volts 
peak  on  the  oscilloscope  trace  and  the  rise 
time  read  on  the  horizontal  scale  and  re- 
corded at  the  63.2%  voltage  point  on  the 
vertical  trace. 

6.  Calculate  the  dv/dt  by  dividing  the  Volt- 
age @ the  63.2%  point  by  the  time  in  micro- 
seconds at  that  point. 

7.  Reduce  the  series  resistance  Rl,  until  the 
threshold  is  reached  at  which  the  device 
breaks  over.  Increase  Rl  slightly  and 
read  and  record  this  maximum  dv/dt  value. 

8.  Turn-off  voltages. 

9.  Remove  DUT  from  the  oven  using  gloves  to 
avoid  burns. 


♦Details  of  High  Temperature  Procedure: 

1.  Put  the  DUT  on  the  rack  in  the  oven  with  the  yellow  wire 
on  the  anode  and  the  braid  ground  strap  to  the  cathode. 

2.  Plug  the  Jones  Plug  and  grounding  banana  plug  from  the 
dv/dt  cabinet  into  the  metal  junction  box  on  top  of  the 
oven . 

3.  Inside  the  dv/dt  cabinet,  attach  the  coaxial  red  lead  to 
the  anode  lug  on  the  dv/dt  set  and  the  black  ground  wire 
to  the  ground  on  the  dv/dt  chassis. 

4.  Be  sure  that  the  oven  interlock  is  plugged  into  the 
proper  Jones  recepticle  on  the  side  of  the  dv/dt  cabinet. 

5.  Use  a Minimite  and  thermocouple  or  the  Mercury  thermo- 
meter in  the  oven  to  check  the  DUT  temperature. 

6.  Proceed  with  Steps  2 to  9 of  PROCEDURE,  above. 
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EXPONENTIAL  RATE  OF  VOLTAGE  RISE  (dv/dt)  TEST  PROCEDURE  (Cont.) 


CALIBRA-  EQUIPMENT  DATE 

TION 

DATES:  1.  Tektronix  545  1/31/77 

2.  Tektronix  53/54C  2/1/77 

3.  Minimite  & Thermocouple  Calibrate  in  boiling 

distilled  H2O  prior 
to  test. 

4.  Thermometer  ~ Mercury  Calibrate  in  boiling 

distilled  H2O  prior 
to  test. 


FORWARD  BLOCKING  AND  REVERSE  CURRENT  TEST  PROCEDURE 


DATE:  4/12/77  RMH 

EQUIPMENT:  1.  Forward  6,  Reverse  (High  Voltage)  Current  Test  Set 

2.  Oscilloscope  - Tektronix  Type  545  or  equivalent. 

Set-up: 

Internal  trigger  - automacic 

Time/Cm  - 1 millisecond  (5X  magnifier  - off) 

Horizontal  Display  - Normal 

3.  Tektronix  Type  53/54C  Plug-In  Unit,  or  equivalent. 

Set-up: 

Volts/Cm  - 2.0  (Calibrated) 

DC  condition  (both  channels) 

Mode  - chopped 

Polarity  - Normal  for  forward;  Inverted  for 
reverse. 

Channel  A - With  P6009  Probe,  Peak  Voltage 
jack 

Channel  B - Peak  current  jack  (Caution  - 
ground  only  through  this  peak 
current  jack  to  avoid  erroneous 
reading ) 

4.  Probe  - Tektronix  P6009,  100:1  voltage  divider. 

5.  Thermometer  - Mercury 

PROCEDURE:  1.  Warm  up  oscilloscope  for  at  least  5 minutes  to 

minimize  drifting. 

2.  Read  and  record  room  temperature,  T;^. 

3.  Insert  DUT  in  cradle  inside  cabinet  for  25°C 
Test  or  in  oven  for  125°C  test,  being  careful 
to  observe  correct  polarity  (anode  positive) . 

Gate  is  open-circuited. 

4.  Turn-on  test  set  and  check  cover  interlock  and 
oven  interlock  (if  oven  is  being  used). 

5.  Set  selector  switch  to  10  mA  forward  for  25°C 
or  100  mA  for  125°  test. 

6.  Advance  variac  to  read  a peak  of  800  volts  or 

4 cm  vertical  on  oscilloscope  trace  for  Channel  j 

A. 
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FORWARD  BLOCKING  AND  REVERSE  CURRENT  TEST  PROCEDURE  (Cent.) 


PROCEDURE: 
(Cent . ) 


CALIBRA- 
TION 
DATES : 


7.  Read  the  peak  positive  value  of  the  trace  on 
Channel  B,  multiply  by  the  range  setting  and 
this  product  divided  by  97  (ohms)  to  obtain 
the  peak  current.  Record  this  current  as 
ipBOM*  Turn-off  voltage. 

8.  For  the  reverse  direction  the  same  procedure 
is  followed  after  changing  the  polarity 
switches  on  the  test  set  and  on  the  53/54C 
plug-in  unit  of  the  oscilloscope.  Rezero 
the  traces  before  reading. 

9.  The  procedure  is  the  same  for  use  of  the 
oven  for  elevated  temperature  testing  except 
that  the  coaxial  cable  is  attached  at  the 
rear  of  the  cabinet  and  internally  clipped 
to  the  anode  side  of  the  cradle  and  plugged 
into  the  junction  box  on  top  of  the  oven. 

10.  Turn-off  equipment  and  carefully  remove  the 
DUT.  Record  the  serial  number  on  the  Test 
Data  Record  form.  Caution : Oven  tempera- 

ture may  cause  burns  - use  thermal  insulating 
gloves . 


Equipment 

1.  Tektronix  545 

2.  Tektronix  53/54C 


Date 

1/31/77 

2/1/77 


C7 


ON-STATE  FORWARD  VOLTAGE  TEST  - J-15371  TRANSCALENT  THYRISTOR 

TEST  PROCEDURE 


DATE:  3/14/77  RMH/RER 


EQUIPMENT:  1. 


2. 


3. 

4. 


5. 


6. 


PROCEDURE:  1. 


2. 


3. 


4. 

5. 


6. 


Tektronix  Type  545  Oscilloscope  - PP88588/or 
Equivalent. Set-Up; 

Internal  Trigger  - Automatic 

Time/Cm  - 1 millisecond  (5X  Magnifier-Off) 

Multiplier  - 2 or  5 

Delay  Time  - 5 milliseconds 

Tektronix  Type  53/54C  Plug-In  Unit  or  Equi- 
valent, Either  Channel 

Set-Up:  DC 

Normal  Polarity 
Volts/CM  - 0.5,  Calibrated 

Minimite  & Thermocouple 

Check  Meter  Zero  & Standardize  before  using. 

Dwyer  Pitot  Tube  - Level  before  using. 

Thermometer  - Mercury 

A.C.  Power  Supply  - PP  883232 

Warm-Up  Oscilloscope  for  at  leasts  minutes. 

Read  & record  the  device  serial  number  and 
the  room  ambient  temperature,  ,from  the 
thermometer  (25  + 3°C) . 

Bolt  device  under  test  (DUT)  anode  to  stationary 
side  of  air  chute  and  attach  flexible  heavy 
cable  to  the  cathode.  Use  an  Allen  Wrench  to 
hold  studs  while  tightening  connectors. 

Connect  white  wire  to  gate  pin. 

Turn  on  blower  at  full  speed.  Caution  - Do  not 
apply  power  to  DUT  without  adequate  air  cooling. 

Connect  red  oscilloscope  lead  to  anode;  black 
to  the  cathode-connect  on  the  DUT  not  on  the 
current-carrying  connectors. 

Set  oscilloscope  trace  on  a convenient  base 
line . 
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ON-STATE  FORWARD  VOLTAGE  TEST  - J- 15371  TRANSCALENT  THYRISTOR 

TEST  PROCEDURE  (Continued) 


PROCEDURE  (Cont.) 


7.  Turn  on  power  supply  and  advance  current  to 
250  amperes  average  current.  Measure  conduc- 
tion angle  (160°  minimum),* 

8.  Set  blower  to  speed  where  hottest  heat-pipe 
of  DUT  holds  100°C,  measured  at  the  base  of 
the  fins  with  the  Minimite  and  thermocouple. 

9.  Read  and  record  peak  forward  voltage, 
on  oscilloscope  trace. 

10.  Read  and  record  air  flow  with  Pitot  Tube  and 
convert  to  C.F.M.  (150  C.F.M.  Max.}. 

11.  Read  and  record  both  heat-pipe  temperatures 
at  base  of  fins  (balanced  cooling  check) . 

12.  Turn  off  equipment  and  carefully  remove  the 
DUT  from  test  set. 


CALIBRA- 
TION 
DATES : 


EQUIPMENT 


DATE 


1.  Tektronix  545  1/31/77 

2.  Tektronix  53/54C  2/1/77 

3.  Minimite  & Thermocouple  Calibrate  in  boiling 

distilled  H2O  prior 
to  test. 

4.  Thermometer  - Mercury  Calibrate  in  boiling 

distilled  H2O  prior 
to  test. 


*A  minimum  160°  of  conduction  angle  is  7.41  milliseconds  minimum 
base  width  of  the  conducted  one-half  cycle  as  viewed  on  the  os- 
cilloscope. 
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DATE: 

EQUIPMENT: 


PROCEDURE: 


THERMAL  IMPEDANCE  TEST  SET  TEST  PROCEDURE 
December,  1976 


1.  Heating  Power  Supply,  Rapid  Electric,  Model  #1006 

2.  Metering  Power  Supply,  Lambda,  Model  LMFA8 

3.  Trigger  Power  Supply,  Tektronix  160A 

4.  Pulse  Interval  Control,  Tektronix  Type  162  Wave- 
form Generator 

5.  Commutating  S,  Heating  SCR  Trigger  Sources 
(2)  Tektronix  Type  161  Pulse  Generators 

6.  Trigger  Pulse  Dual  Amplifier,  RCA  constructed 

7.  Oscilloscope  - Utilized  for  forward  voltage 
measurement.  Tektronix  Type  546  with  type 
W plug-in  unit. 

1.  Cooling  - Turn  on  water  cooling  of  the  heating 
power  supply  as  well  as  the  blowers  for  the 
commutating  SCR,  the  switching  SCR,  and  the 
DUT.  Use  the  variac  control  to  adjust  the 
cooling  air  flow  on  the  DUT  to  the  desired 
value  for  the  thermal  impedance  test. 

2.  Mount  the  DUT  with  the  anode  connected  to  the 
switching  SCR  and  the  cathode  connected  to  the 
current  shunt  and  water  cooled  resistor. 

3.  Turn  on  the  metering  current  supply  and  the 
DUT.  Adjust  the  metering  current  to  4 amps. 

Turn  on  the  commutating  power  supply  and  ad- 
just the  commutating  current  in  accordance 
with  the  following  table. 


THERMAL  IMPEDANCE  TEST  SET  TEST  PROCEDURE  (Continued) 


Heating  Current 

100  amps 
200  amps 
300  amps 
400  amps 
500  amps 


Tektronix  162 
Pulse  Interval 

5 X 10  millisec 
5 X 10  millisec 
6.3  X 10  millisec 
8.0  X 10  millisec 
10  X 10  millisec 


Metering 
Power  Supply 
Current 


1^-2  amps 

2- 2%  amps 

3- 3%  amps 
3%-4  amps 
3%-4  amps 


In  general,  the  commutating  current  values  given 
in  the  table,  above,  should  be  adjusted  for  the 
particular  heating  current  utilized  to  secure  a 
stable  oscilloscope  reading  of  the  metering  cur- 
rent interval.  Also,  the  waveform  generator 
pulse  interval  should  be  the  minimum  that  provides 
a readable  oscilloscope  presentation.  Minimizing 
the  pulse  interval  increases  the  duty  factor  of 
the  heating  current  and,  thus,  the  accuracy  of  the 
measured  dissipation. 

4.  Turn  on  the  power  supply  for  the  waveform  and 

pulse  generators  as  well  as  the  dual  trigger  pulse 
amplifier.  Adjust  the  commutating  SCR  trigger  for 
a pulse  amplitude  of  about  15  volts,  a pulse  width 
of  3/10  to  4/10  millisec.  and  an  output  pulse 
delay  of  0.3.  Pulse  polarity  should  be  positive 
and  the  trigger  selector  should  be  set  for  a nega- 
tive sawtooth.  The  heating  SCR  trigger  generator 
should  have  the  following  settings:  Pulse  ampli- 

tude 3-4  volts,  pulse  width  3-4  milliseconds, 
pulse  delay  approximately  0.32  (adjust  for  proper 
oscilloscope  presentation),  positive  pulse  polarity, 
and  a negative  sawtooth  trigger  selector. 

5.  Turn  on  the  heating  current  supply  and  adjust  to 
250  amperes  for  the  measurement  of  thermal  im- 
pedances for  the  MM&TE  program.  Note  that  the 
commutating  current  supply  must  be  adjusted  at 
this  heating  current  level  and  the  metering  cur- 
rent should  be  read  and  adjusted,  if  required. 

A Model  8000A  millivoltmeter  or  equivalent  should 
be  utilized  to  measure  and  read  the  heating  cur- 
rent on  the  500  ampere,  15  millivolt  shunt  as 
well  as  the  average  forward  voltage  drop  across 
the  DUT.  The  product  of  these  two  values  and  the 
duty  factor  is  the  average  dissipation  of  the 
heating  supply. 
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THERMAL  IMPEDANCE  TEST  SET  TEST  PROCEDURE  (Continued) 


PRECAU- 

TIONS: 


5.  (Continued) 

Instantaneous  forward  voltage  drops  across  the 
DUT  are  to  be  measured  by  the  Type  W plug-in 
unit  in  the  536  oscilloscope.  This  value  at 
the  4 amperes  level  can  be  used  to  determine 
the  junction  temperature  from  a previously 
measured  calibration  curve  of  forward  voltage 
drop  vs.  device  temperature. 

6.  The  thermal  impedance  measurement  also  requires 
an  accurate  reading  on  the  ambient  air  tempera- 
ture as  well  as  the  case  temperature  of  the  de- 
vice (outside  surface  of  the  heat  pipe  at  the 
base  of  the  colling  fins) . The  thermal  impe- 
dances can  then  be  calculated. 

7.  Read  and  record  the  cooling  air  flow  before 
turning  off  all  supplies  and  removing  the  DUT 
from  the  test  circuit. 


Care  should  be  taken  at  each  step  in  the  heating 
current  to  enable  the  DUT  to  achieve  thermal 
equilibrium  before  temperature  and  voltage 
readings  are  recorded.  Similarly,  the  oscillo- 
scope presentation  of  the  metering  current  must 
be  extrapolated  to  the  leading  edge  of  the  off 
interval  for  an  accurate  indication  of  the 
forward  voltage  drop  on  the  silicon  wafer  at 
the  instant  the  heating  current  is  turned  off. 

The  negative  spike  overshoot  of  the  forward 
voltage  is  ignored  for  this  reading,  and  only 
the  extrapolated  value  is  utilized  for  measure-  i 

ment  purposes. 

Care  should  be  taken  throughout  the  thermal  im- 
pedance testing  to  avoid  overheating  the  junction 
of  the  DUT,  i.e.,  the  junction  temperature  should 
not  be  allowed  to  exceed  130°C1  Higher  tempera- 
tures may  result  in  permanent  damage  to  the  DUT 

Forward  voltage  measurements  by  either  the  Fluke 
voltmeter  or  the  type  W plug-in  of  the  oscillo- 
scope must  be  connected  only  to  non-current 
carrying  portions  of  the  DUT.  Measurements 
across  current-carrying  connectors  will  intro- 
duce additional  error  due  to  the  forward  voltage 
drop  of  the  high  current  connections. 
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THERMAL  IMPEDANCE  TEST  SET  TEST  PROCEDURE  (Continued) 


PRECAU- 
TIONS: (Continued) 

It  is  imperative  that  the  oscilloscope  be 
"floating"  off  ground  potential  at  all  times  for 
these  measurements  since  the  ground  terminal  of 
the  type  W plug-in  unit  is  operating  at  a poten- 
tial different  from  the  power  system  ground. 

This  is  true  because  both  the  anode  and  cathode 
of  the  DUT  are  operating  at  potentials  that  dif- 
fer from  the  power  system  ground  by  several 
tenths  of  a volt  to  as  much  as  one  volt  or 
more.  Very  low  voltages  are  involved  in  the 
test  (less  than  12  volts  on  the  DUT)  so  that  no 
safety  hazard  exists. 


Date 

11/9/76 

2/11/77 


CALIBRA- 

TION 

DATES : Equipment 

Oscilloscope 

DUT  Voltmeter,  8030A 
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